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The impact of EEDI on VLCC design and CO2 emissions
lack Deva limey

Center for Tamkship Excellence USA djw101c1txorg

This paper studies the impact of EED1 on VLCC CO2 emissions 111 competitive sectors such as the
VLCC market this analysis must be performed over a market cycle adjusting a ships steaming speed to
the Market rate and bunker cost Om numbers indicated that owes a Market cycle imposition of EED1

will result in a slight increase in VLCC CO2 emissions relative to no regulation at all The problem is
twofold

1 For VLCCs EEDI e1feIively limits installed power 1310 at current and expected BFO prices a
nonEEDI VLCC owner uses all his installed power only in a hill boom For the great bulk of her life
a nomEED1 V100 11505 little or 110 more power than au EEDIcompliant ship

2 111 limiting installed power EEDI induces owners to use smaller bore higher RPN1 engines These
engines have a higher specific fuel consn inn and more importantly require a smaller less efficient
propeller This moans the EED1compliant VLCC consumes 111e10 fuel when the market is not in
booms which is 90 of the time

111 contrast we linen that a S0 per ton 02 bunkers tax will reduce VLCC omissions by n than
it v 11 market cycle And it will do o toil ha lariig the ruin ld to 1101ote 314 m19omcos to a
greatly expanded under powered overdrawn I Heel

Keywords EEDI VLCC C02 Emissions Slow stemming

Introduction

The International Maritime Ol gaii itiol I1 ne

be on the verge of enacting an amendment to N1111
P01 which would le3111e all 11111 huge hip to meet nu

Energy Efficiency Design hulox 1E411 l his is an at
tempt to reduce CO2 emisinu fn an ocean ianplrne
tam This impel considol the impart of this legislation
on one ucoa1 transportation enter Very Large rude
ail for LCC and estimates the resulting

tion in CO2 emissions from these hip These estimates
are compared with rhos generated 111 a pulley of im
posing a heel carbon tax or au Split alent cap andsale
pet ni l pr i9 on these ships

E1D1 is defined by MEP 1 Cirt68f 1EP 2009
llile the formula is complex for 1CCs it 1 asicallt

boils down to the Intro of fuel t asi nted at 7V installed

ISM r 1 peed al that
1110 has eel to livali0 the u decrease

EEDI but the discussion has focused on the 1111011 m

redut ion s hodnle

Phase I Phase 2 Plisse 3

2013 201 2123

1 1 3t

These reductions will be lion a Gus to that is 10

1ermined b titling a power law tegression t the exist
ing fleet 1110 to biases in I his ad hoc procedure Ih0
FFDI of a current standard LC is about 9ti above

tins LasoliuoOiali of al 211111 In other words new

building VLCC s will be required to Moe w l iI whit It
is 111 below current designs in 2013 301 below al t en
i1 2018 and 47 below current in 2023

There are essentially only two ways a VLCC designer
can meet these EEDI requirements

Rolm the fuel required at 7514 insl ailed power
Lv employing fuel saving technology not already
ire use

Reduce installed power Unlike most mandated ve
hicle ofloieta rocpmrememts such as AFE speed
i urn fixeri m automobile maker cannot meet his

FF by testing Ins car at 111 mlph rather than
But EEDI allotts and encourages this CAFE

stands for Cmpamate Average Fuel Economy An
other 111 00111 11 C I 111111 I1111 is that

1111 is imposed on each individual ship not on
the buil111 s overall production Vert roughly
l speed goes as the onethird power of in
s41111ed pm1e1 So the expeCtanou is that a 30
reduction in installed power will results in approx
imately a 101 111rlion in speed at that power
and a 2114 reduction in the El1I tan Vo shall

see that it Is not quite that llllple

True Efficiency Improvements

The C I ha coldnrted a sill uF 11 lint alight be
n1101 the true elticierc impair putouts because 11101

attempt to ieduc1 fuel1without reducing
speed Meteuey 20 10111

b ejected seyetai posibl economy measures as

ingaudent nt lding

Contra rotating propellers Contrarotating props
ugnilo numplex epievclic gearing and bearings
litv are inherently far Tess reliable than a s0111

lard I shaft and propeller and would be
a Maintenance 1ig1itl1alo No prudent owner
could spec coati arotating props on a single screw
tanker

Like 11051 things EEDI these numbers are rubbery and oonstnni ly clanging There are proposals lo corm 1 this bites



Reducing lightweight The EEDI formula includes a
cargo capacity term For V LCCs it is deadweight
1 3y reducing lightweight the designer can increase
deadweight on the same displacement and reduce
iris EEDI Unfortunately VLCJC hull staintut0s
are all early over optimized tesultiug in frequent
fatigue cracking and short lived vessels Nomethe
less EE11 will put additional pressure on VLC
designeIs to take chances in this at ea

We t ejected it number of ideas 1 hat have been around
for decades on the grounds that they have meter been
able to demonstrate a significant reduction in fuel con
sumption

We rejected a number of possible fuel savings mea
sures on smite contbinatioi of001111ries feasibility or
low availability This category includes solar kites and
other wind energy devices Even if a VLCC owner in
vests in such measures lie cannot reduce his conven

tional installed power shine 01101 gy from these source is
not always available

We rejected a couple of promising ureasltres as nn
provom including hull cavity

We realized that our desig11rWill have to cope with
the Tier 11 NOX requirements 13llcb will cost him 2 to
3 gkVh or about 1

On the other hand it is true that the massive post
2005 increase 111 bunker prices has reMulted iu a wuubei
of 11wasures which were not economic at 21111 per ton
F3 Fuel Oil 13FY limy being economic at 150 p
ton 13F0 13ut 1111011 110 add01 1110111 up rejet ling those

we regarded as impudent or mlproVeu we 10010 11111
pressed to produce mole than a 91 saymIg 111 1 111

11011t half of this sayings win due to rte 1leal lie

IIR ith an inn estuamt of about L million

dollars it is possible to XtI all enough 11011 tioni 11
VLC cooling water and main engine exhaust to 11111e

a 1000 kW generatot a nicer al normal at sea
electric power requirements The oxetall feel sax nigs is
of the order of fif At mitten 13F0 pores these VIIR
systems have a payback period of less than 2 1081 fel
a VI and 01111015 ate Lot l 10 install advanced
WW1 In August 2010 lintsila counted s big ships
including 33lCCsthat bale ordered ortsilas ver
sion of 211 101

1 number of these now economic measures f ex

ample electronically controlled engines col table pitch

ttubiohagers and multi speed pumps iestll 111 a sub
stantial improvement in VW fuel ieni at low

loads but rave little in no impact on the ships liE11
which is based on 75 IR Perhaps the single most
important recent technological development is the abil
ity of l ICC wain engines to upon ate well b01o11 311
load coutinuonsl and do it lute effic hemp 111 ma1or

9

change is ignored by EF11

A common feature ofjust about all the measures that
stake sense is that they will be implemented without any
regulation In the jargon they have negative abatement
cast meaning that the owners bottom line will be im
proved by investing in them in his newbnihliugs ilost
of them are already being implemented

The problem for our VICC designer is that if you
add up all the prudent proven measures you are talk
ing at most a 9 improvement in fire consumption at
75 installed power the EFDI design poil This just
gets Trim down to the 13aseiiie For the great bulk of
his reduction iu EEDI he will have to reduce installed
power

Slowsteannuf

Bef we can estimate the impact of mandating a re
duction in installed power we m understand slow
strumulp The 1 elatio115 between EEDI and tanker

emissions is an indite t sue The amount of

e110tted by a l 1 any ship depends not on the
fuel 1 ou5 tt installed power Ion 73 01 installed
power 1 11n ou 1110 pouch That the owner ten Ill Cliarteret
80118111 uses and the fuel u11511ilptiom at that power

The pone that n 1C 4mm01 charterer will ac
tually use depends on 1 things

I the current l spot tale
2 the owner tern chatterer current furl cost

3 the bibs speed ousnu1pnou 1010

III a1 no sittt1tion Is rate and bunker
the 0111101 101 111 I omelet 11 i11 ad111 the hipteaur
iug speed 1 miXimire hi d11i10 net eat hings 01 emul
akin1y tin the term chatterer minimize his unit cost of
transportation

As Figure 1 shows the 11C market an example of
11oan l textbook Is extremely volatile The

spot 1de an 1111 In a Incto1 of ten in a matter of
mouths At the bottom of the 11la1ket the owner will

barely be paving his fuel bill III a full scale boom the
entire 100000000 ship can be paid off in a dozen voy
age

4 will Lo now 1111 m1pnw11 10111111 1123 that 111111 own 1 he 1111 elect o rhp tie tmaL1 r 1 candidate m the I I I IN ill
l11 pl

guenshiporg a group that genet ally lakes an optimistic view of the potential lot vessel emissions reductions st11duvl a 36000 loo
bulk carrier to which they fitted just about every device applicable and ended up with a 7 doe I euo w CO2 emis510usSchtwk 2110

I It Is well known that 11111 1 he Io1 owner ill I hopll Markel sod 1 101111 churlever late essentially the sate speed optimization problem
Sin for exautple Uovanney 2009 Apprendix 13 for a moo 110101011 h 1 mill shot ten Ihe kliinkv owaellerm chareror 11uwner 10111
the understanding that for a term challisea Iauk 11W term charterer is the elkclne owner
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Figure I VLCC Spot Rates 1989 2009

The spot market cannot go below the nil uers Lapup
Rate for any length of time The Iy late is the rate
below which the owner is butter off laving up hisI
Mho than continuing to unfit In lnllsale lelun
the C Incup rate is usually in the very high 2l

In the very long run the spot rate must aver ago the
Rcy Freight Rot BFI The RF11 is the s rate
the owner would have to average ever the ships life in
cadet tojust bleak even on his investment including his
opportunity cost of capital If ever the vote long 11111
the market averaged a spot rate light than 11111 this
nnuld attract more investment ut ls and pies
the late If ever the or long 1x11 the nminket nelaged

a spot rate less than 1111 then apnnl wn 0ove out
of the IC market raising the late

The LC Rspihed Freight Irate over the last 1
decades is a ha of a moving ingot for soend reasons

but maim because the Iewbnilding in ice t a I
is constantly changing When the shipbuilding mai ket
is ver strong the pricy of a IC cam be finable 11111
When the yards are desperate for business 13ut once
again over the loam alit the average tbudding p1 Ie
has to be luuwhe nom the yards pi went cahlrd cost
of budding the ship or wed Lave Capital coitutnnlly
flowing into or out oI shipbuilding 1 reasonable
timute of the average 1 1130 over this poked is
S62 f 5 oildsale points See ppendix 1 The
average spot late over the period was S632 In slant
the actual average spot rate is about when we would
expect it to be

Fignre 2 is a histogram showing the fraction of the
time the market spent at each spot rate between 1989
and 2009 inclusive
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lJI dim 211110 i 1 ladml Hale Tulle

Avelag mei reoaad 1 S63 2

II It

111 t
F itiO 42 n l Inn Ln fiv 1 I1nxi9a1rectum of liiii xuf

P

mituYi
V rlsca interval

1n the purposes of this diagrattt We he uticv

dovu into 11 orldscale point intervals As Figure 2
shows the market spends most of its time between the
Laytap Rate usually in the high twenties and 11E13
usually in the logy sixties with occasional spikes much
higher in booms En this 21 oat period the market
teas above S 111 about 9G of the time and at or be

low the IiFR about 70 of the time a Lightly skewed
disui 11111113 a Loom ate can easily be 3 or I
limo the RFR wluh menus the market must spend a
lot of time below 0 F11 to compensate

Tabu 1 shows the actual numbers Tlic column la

beled Standard is the market rate profile which we
uod in averaging 02 emissions over a market cycle Lt
This profile all rates above 1VS100 are considered to he
full boom and mapped to 1 Our Standard rate
profile is a reasonable approx inat ion to the observe
rates below Vil but is intentionally biased upward
that is m fav of the lower powered i1tD1 compliant

alpoe VS101 The standard profile Las an aver
age ol Idscale of 7119 model table above a newbuilding
RFR 0011 tot 16211 LtU1Lrls lord iuqul tautly ill any
market above it aitifictall speeds np the non
hF1l13151 ship mole than the 11E1I compliant slip
which is often already at or neat ulna peed at S111

imploviug the lowered powered ship advantage in
emission at the high end of the market

table 1 l tiled and Standard Ileac 11011105
11111 OI 1v ed tilauJard

l Ir 111111 Ira lion

III 111112 11111

d 111107 1 08

10 1230 0211

110 0103 1211

10 0230 21

70 0050 11110

u 11056 11110

10 0052 0115

100 0011 015

1 1 0 0020

120 0025

130 0008

140 0020
150 0004

180 0008

200 0000 010

210 0004



The BASE Route and Ship bottom line conclusions about the effectiveness of FEDI

for VLCC s
Standard Route

in order to estimate V1C7C CO2 1li8sio15 over a illnrket

cycle

1 e must first figure out what rte owners will do as
a function of the spot rate

2 then using our market rate profile combine these
numbers to obtain his average CO2 emissions over
a market cycle

We will pet form these calculations fin a stamdatd u4
REII VLCC and astandard route We will them study
various ERI1 compliant variations of the standard ship
out the same route

T110 particulars of the route we used for all our cal
culations are shown in Table 2 The route is Ettjail all to
Ras Ta1111111 to Yokohama to Fujairah via malacca both
ways The ship was bnukered for the round trip at Eu
jairal For these parameters none of the loadlines nor
the malacca draft requirement is limiting The cargo
liulitiug restriction is arrival draft at Yokohama This
route is reasonably representative of most IC ov
ages The SFC adjustment con ects fen 4v1 ly optlllisti
hook manufacturer SEC figures maim due to an un
realistically sigh fuel Net Calorific Valle 1 NV 1

Sltnuurr DM 311 0110

Turn pot 111 I4 950

cargo iIi 311000

Coign found 0 5

Uel1a 1 25111111
I010aohn 72

vi01001 L0 gkVI 1 2

I3iokors onunb 7 121

ousumableslaus 5011

SF Adlustmoul 7 I

Ft IA port Charge 1

FI IA draft lion Ott I

T 111 aft 22 111111

012

11 Chi 111119 t

11go u1ter1Ni

1111111 110 I

Hood TII

13F0 apa in ton
Spool adpottnynt

poll hour
Fl IA poll Iu1111

1

21

11111 1111

111 IA BAST uuIo 8111 5011 Lu 1111 I

ItAST port elmigeF 2711011 Ii l pen how 1

ItASI Malt limit 32 IHA1I poll 1111111 118

ItYI Y010 mdv 0393 ItS I 1 UICn S 011 I 11
1010 pot 1 lunges 13111100 Y010111111111111 211

1010 pots 01 t Tin Y010 F1 1 111110 1220

Tahlo 2 Route used in VI Emission calculation

The cargo value about 21 per hal lel and 111101 est
late X are tlseI to the ill 111111sit 111Ylltlr

can yang cost Currently oil companies tend to be rather
cavali1 about inveutoly CHI ving cost for the Most part
lguon mg them This alight b semiforgivable when one
is dealing vial a difference of a flay or Iwo iu loaded
leg time I amt si11co or 111 he deaIlIIg with a vet ni11

large o ycsol moods 50r 11011 hlo tllk 110111
fherotin 0111 ice steaming speeds will 110 het to min
min the 11110601 tut 111 8onl 111 tlunpot ling 1 ton of
oil incl Ins inentoly ing cost

Ve also made some tort Inn in 111 It we set iu

youto cmrviug cost to veto 1 he relative iiGrlI

between the momEFDI and FEl1 slop uto almost un
changed The main effect of including inventory carrying
costs is to speed both ships up on the loaded leg at the
bottom of the market Within reason whatever you as

sume about inventory carrying costs will not change ml

Standard Ship

Fortunately for out purposes almost all VLCCs are
very similar The single most important eharactet islic
of a VICC from a CO2 point of view is the loaded and
ballast speedfuel consumption curves The spoolfool
cloves in tutu ate based out three curves

1 The hull resistance ur which I0t0riilllles the

11111011111 of pui t the 111111 1 eq11160S as 8 function of

speed
2 Propulsive efficiency curve 11X11 dcicuuimc Ile

fraction of the Maim engine p0ur that is converted
to thrust to live the 111111

3 Thc engine Specific Fu1 Consumption SEC
curvy which determines tilt amount 01 fuel 1110 en

gine needs to produce a given amount of power

Hull form

In all our calculations o kept the hull form constant
The I nr used 0 that studied by Min and Choi 2003
In the lin paper out hull fowl is labeled Extreme V
It is elal lc 1114 Lct of the t lily Studied The 10sig11
draft 12110 ill 1esitaucc 110 111 11115 hull is shown iu

Fi m4 3 It i doh to 11111 up to Fronde number of
01 I I to lalot hove idyll it Unns upwanl 8 bit taster

than 4110 To ouvel1 thus design draft curvy wetted
t face 27271 11121 to loaded and ballmt curve we as

lulled tcstst as ploportiomal to vetted vrfa00
a loaded blllll vetted sill face of2nt2

22

loos

00

1 3101

2000

111111 131w1as I 0 v Inn 111 01 L

Fne01 Y I11n un 111 05 111 01011

11 nll 711112

1 1 11111y1 11 22 118mm

1 0111 111311 1 a 311110111el0 p1p
1 1111711 0711

01111na urn 11101 to 13 61

0110 110 1 1110

11110 Ilien
11 Kt 11 1

1I 10F 031
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11 1 2 3 13 li 7 5 9 11111 12131113111171819211
Figure 3 Base SpeedPower Curve



Propulsive efficiency curve

Our base ship uses a four bladed 993 in propellor with
a constant propulsive efficiency PE of 0 73 In reality
PE will vary with speed but as Figure 3 shows for this
hull forum and propeller the variation was less than 1
over a range from 409o full p to 100 full power
This propeller is designed to accept about 27000 kW at
76 R1n1

As we shall see EElI will produce drastic changes
iu VLCC powering Phase 3 will require a halving of
installed power iuduciug owners to use smaller bore
higher II Pf1 engines This 111 turn will generate drastic
cholgcs fu propellor design To attempt to predict what
these propellors will look like and 1Loir pot fotinauco
CTX used 1dITs OpenProp pnograinEpps et al 2009
OpenProp is a Dot lifting lino program capable of
creating wake adapted propellers Open Prop takes as
input a ship speed a required thrust at that speed an
RPII a diameter a description of the wake and re
turns the propeller that generates t his thrust at mini
mum torque while stooling all the of Ina constraints

In our propeller analyacs We 1111 the hull runstu11
For Oath of Phase L 2 and 3 we hold the engine 1 nisi ant

Using OpelProp we then s l lied ON el 111111011 look
ing t the propeller that gave the 1111 the Iaxin11u11
Speed without exceeding the engines torque power ca
pability Filially we chocked that combination for FFII

compliance attd if uecessaty hinted the engine as re
quired to meet the mandated EFIl In conducting this
search O required that the blade loading on 1110 im
peller he no higher that that for the standard no1111
ship Soo Uovannev 2010c foi the details of these pro
peller studies

For our x0181 Wake ptnfiIC We 111 thatueasurrvt lot
Samsung I 1321 a C 111ie II 1l1s IlmosI ex11 th
the sumo hall IesNrum11otl Mg cunt as the Min tun
hull and nearly the same thrust balm lion and wake
fractioiSS113 2000 Table 3 sho the SIII 1321 t eke

profile

fable 3 inintferential lean Dial Wake Polile

Sill 1321
Radius Wake

111 Phonon

Lot

291

1

582

179

7711

S73

1109

9711

0169

0 185

051 l

0

05 III

06 111

1760

07911

01211

1 he important feature of this profile is that the Web

r In doing so we held 12Phl constant moving vertically downward in the layout diagram 11 is possible that In reducing RPM and going
to a little highol pitch we could cone lip with it wry slightly bens r find conslnupl ion for this power and speed lint any such inlproveweut
would be inscgniricant ler present purposes

Phis is a manufacturer figure baseci on a fuel NCV that doesnt exist optimistic ambient and NOX conditions We will correct for
this in the actual votagc calculations

5

wake region extends out to about 5 111 from 1111 shaft
centerline This means tlhat smaller diautetet propellers
11105 operate at an average wake fractiou that is con
siderably higher than that for the standard 99 111 prop
We shall see that the improvement in 111111 efficiency is
more than compensated for by reduction in open water
efficiency associated with the lower advance ratio

Specific Fuel Consumption Curve

The base Specific Fuel Consumption Chaim we will use
is that for the Wartsila 711TA8IT engine Phis is a stai

dax1 sewn cyliudor engine used by many VLCC owners
It has an MCR Maximum Continuous Rating power of
27516 kW at 76 RM at which point it has a book SFC
of 1680gkWh The competitive engines have very sim
ilar charactristi15 1 reasons which will become clear

w also studied i 5 and I cylinder engines witL the same

bore and stoke These are essentially the same engine
with less cylinders The 5 and I cvliudet variants dont

actually gist because they would have extleomly poor
ichat a tot istics but for now we iglu e that

VLCC SpeerFuel Curves

Speed Fuel Curves tir Existing VLCCs

Putting all out assumptions together h arrive at
the speed fuel curtOS shmyu ill Table 4 fin existing
LCCs The ship labeled 71ITS IT is a staudatd 7
cylinder cauuhaft court oiled LCC lost LCCscur

rently trading will look pt et much like this ship The
ship labeled RI 1a 11 is 1110 same ship 1111 fatted with
n six cylinder engine of the 111111 11011Q ant model The

thin and tomrh ships are imaginary they are infeasible
due tot lbrntioli problems They were produced by sim
ply removing additional r linters l the saute engine

11 Lulu designs use the sane diameter propeller In all
hum rnrs the book 1F at ICh is 16811gkhh

ncordiug t41 7111 1 the 7 cylinder ship has a poorer
fuel consumption L11ow 01 out I 1 lawns loaded than the
havelel powOlod ships as the SF starts to climb with
towel load The 7 cylinder ship is also gory limited as to
how slow it can go This is misleading For a mod
est imestinelt the 111101 of the 7 cylinder hip can
do enetlthing the loin powered ships can do includ
ing the tibationll challenged n and 1 1 linden ships
To do t he 11111st im1st w a cylinder cut out system

Iles 1 11111 S300 and vat filth pitch lit multiple tuhu
hange fans about SI50l001 Ile can pan for this with
n savings of 100 tons of fuel At that point he will h o
able to hate the 11051 of all voilds picking out the best
SFC for each pI in fable 1 Mal unlike the four and
five e liudor engines he ill not Lave a vibration prob
lem The inomotttaril unused cylinders are iu effect

balancers The resulting ship is shown in the 1ightmost



column This ship in also 0 decent approximation for an
electronically controlled VLC fitted with a complete
set of slowsteaming mods

Loaded141401KIn kW
05 7517

111 43632

15 9803

211 112117

25 120137

3 0 11303

35 15910
4 0 177116

15 19020

5 0 21083

5 5 3928

6 1 26323

Inct e

71311811 0101811 Fake 5 ovl Sk 1 1 yl 7r811
251 2 30 201 177 34 11801

Sfc 1p1 Sic rpd 511 7181 513 Ipd Sf 111
157 2081357 218

101 0 310 1010 3111

1650 3911 1629 380 132 I 380

165 7116 1630 110 132 13 13 7 1020 137

160 2 505 164 34199 1628 195 103 1 197 1028 195

161 6 565 1331 559 1427 55 8 145 1 56 7 102 7 55 8
1034 025 10213 622 1615 626 1020 622
1028 692 1132 8 69 2 115 1 301 1628 62

162 6 760 163 9 77 2 16811 79 1 1026 700

163281911538311 1632 819

1646 945 1610 915

160811151 166 8 105 1

1621109 15 1 951 11 5 792 131 331 162 110 9

1341101 70343841

1 6W 81r
7238

20 8258

25 9383 165

30 111139 1611

45 11750 1351 10 5 164 0

10 130113 1658 519 1639 51 i 162 7

15 1 1 162 1015 57 1 1029 5613 162 7

50 15977 1631 027 10233 1121 163 5

S 171131 162 689 162 8 080 1619

60 19398 1625 75 7 1113 7 76 2 167 6

6 5 1331 1031 835 10534 8 5

7 0 23102 16 1 2 32 2 167 3 1 2

7 5 25607 Ili 5 8 102 1

In1 17811034 71 1 60

6118841 Fake 5 yl Fake 13y1 7 3811
Sfc Tpd Sfr 1pd Sf 1pd 81 lpd

1611 I 210 1661 290

101 5 320 1615 326

371 163 I 361 1631 36

11 0 1026 111 1626 11 1

160 1628 1 162 15

5091138 51 31127 53

505 165 3 57 1 162 7 565

12 1126 02I

698 1112

78 11

1142 51 I13411
7 1111 1 1

Table 1 Speedhad urce for Existing Ship

Despite the big improc1 col the 1111undilied
leftmost hip at low 1 1 our 131S1 IC has the
same 1181 2i 1 Akicaula and Tagg ram 11p v it an
EEII of233 for their standard L which i8 31 slight Ic

smaller shipzaki et al 21119 So this appeals to b0 1
reasonable Ilmbel lot existing LC

The Base Speed Fuel Curves for Newbulding
VLCCs

181141 704841 nl Ik 156 1 1 73311

I1UI 2 it 20 1 110

86 6 5 441 111 511 pd u I pd 1 1 3Id el 1 6l
05 7507 165 27 21617 22

1 0 632 1111 n l 0 1 11 n

I 1 II861 1 6 1 8 4 1 1 1 1 1 1 1 3 5 2 1 6 2 4

2 0 1 1 207 365 7 61 7 11 1 1 811 021 41 162 6 1 1

126671162 161161 15 1142 151 30i 1 5316 1

301103163051 11127 41 111111 171627 0 1
4 11 570 11 543 1 In 1 1

1 1 1 I 7 06 1 62 6 5 1 311 611 1 11 162 611

1 10126 11261 03 70 1 1 12 11

5 0 21634 I6 4 2 77 1 1115 3 7 I 161 2 77

2462 6 6 16111

ill 21320 166 6 1 1 1b

mei 1621012 151867 II5 72 1 162 1

131111 T 1 1 n b Imr1I 1 4 10 t 3 110 11 7 0

I1 I 80 161 51 311 841 1111 80 136 16

1 7268 1 611

211 1615 1615 20 7

9333 1 6 5 4 4 11 1 6 1 1 1 3 1 1 1 1 1 3 1

0 01 161 3 37 1 102 17 51626

4 11750 1651 12 1 16311 101 042 3 11 1 1

1 0 1 40 1 6 6 5 8 1741631 In 1627 165118 16 162

1 5 11162 161 5 2 1 1621 51 6 12 7 51 5 1 15 24 3 162 7 1 5

50 15977 103 1 571 162 11569 1635 372 1620 569
5 17631 162 8 028 1028 028 1619 630 1028 028

30 19398 162 5 090 1637 095 1670 71 2 162 5 69 0

b65 21334 16131 761 165 1 771 1031 76 1

711 23102 1642 84 1 167 8 859 161 2 811

75 25667 1058 93 2 165 8 932

tart t 178101 2 170 84 7 160 723 1 1 9 57 8 178 101 2

6

Fable 5 SpeedFuel Curves for N0vbuilding VLCCs

N101 we lance advantage of additional Waste Heat
Recovery about 11 reduction and assume other true
improvements in efficiency amounting to 5 in total
we obtain the Table 5 Iewboihli1g counterparts to the
ships in Table 1 Ile ship on the right will be 0111 13ASE
lewblildi1g VLCC the ship that would be built with
no mew regulation 1his ship has an EE11 of231 well
above the haw t requirement of 2119

Phase 1 EEDI

Slowsteaming curves for 465 BFO cost

The proposed VLCC baseline Elan is 232 and the pro
posed Phase 1 reduction is 10 resulting in 0 required
EEDI of209 A glance at Table 5 reveals that our BASF
7 cylinder ship is illegal but the six cylinder ship just
19ots the proposed Phase 1 requirement

The ICR nil I ie unchanged at 76 OpeiProp indi
cate that the optimal dia1 remains 993 111 but by
dp11ch 113811 161111 and blade 3703 515 able to
0 teati the pfopitlsice efficiency to 0 731 1110 downside
tt as that 0101110ended 11p tuth a Expanded Area
limit of0112 IIhoamd of number for a LCC pno
pellei This piopell should be 031041111y checked for
cavitation 801 mglh and heac wealhl perf
For 11811tprp wro3 the 311111 water 011011
1n9 8118

11610 i and 7 bon the Blot el canting tables f the
7 ex Maim duiEllItI and the 6 cIidcr Phae l ships
of our tandind Pa1111101 lokohamn route tin an as

1n101 6l cost of 1i16I pet tom 10111 the 11111 out
11111 Let pl ir

Tahle 1

Clowteanig Cline for 69 811I 8165 13Fo

55 AVE 1319 l0 lngo 131I 02
ePl FIT 0 fen 1P1

3 1 1100 1 5 10 59 50 279930 33506 1 I 1 393

11 017 10711 57 00 276980 31971 1 1102

5 090 12 51 276980 362119 1 171
6 2 2 1 2 1 1 3 19 3 3 2711756 10351 1 2056

71 3 1 25011 15 1 271672 11071 131171

I 121 2721 1286 276350 16327 13551

91 100 2961 1 190 270119 18525 1 1090

103 11 1120 3983 276271 19922 1 1127

III 59 3335 3571 2761911 51353 1 1363

1 2 1 1 1 25 3 1 1 1 6 38 1 2711911 3211943 1 5331

131 6 19 3567 37 65 27319 5 1 5 5711

111 681 3752 36 95 275990 33756 1 13183

1 5 0 8I 3752 36 15 2759911 53756 10083

100 7 02 3851 39 01 275898 51237 1 0361

300 7 02 351 36 01 275898 11237 16361

lhe table 1lpl31 the ow1101 opt 113611 average
31011010 13111311 1eniIIIIIg goo1 0 a function of spot
late the 1lslII IIIg 11011113 111p fuel consumed 0011181 trip
voyage time cargo pet tail and the barrels per day de
livered These1111316015 were computed 11si1g the NIFIX
package which was tile standard voyage analysis software
used by llollospont Shipping between 1995 01d 2002 in



operating their fleet of VICOs and ULCCs This pro
gram optimizes loaded and ballast speed in halfknot
increments so the speedup can be a little jumpy

Table 7

Slowsteaming Ounv for Phase I VLCC 4465 1380
S AVE 13E0 Pays Cargo 131 02

SPD RT RT sous T11

30 001 1531 5950 276983 33503 0531

111 0 17 1 661 57 00 276983 3497 0910

50 091 1812 5492 276983 36299 15110

60 224 2106 4933 276759 10382 2015

70 348 2189 4518 276676 11071 3013

80 401 2619 4364 276556 15609 3231

90 475 2863 41 63 276421 17790 3803

100 525 3057 40 39 276352 19237 1306

110 5 72 3258 3931 276272 50584 1843

120 596 3360 3878 276178 51239 51112

130 5 96 3360 3878 276178 31259 5102

110 119 3471 3828 276076 51909 51111

1511 619 3471 3828 276176 51909 5107

160 619 3171 3828 273076 51909 5117

1 711 621 3480 3823 270062 31972 5 153

300 621 3186 38 23 276062 31972

Tile c tuna on the tight shows the ton CO2 emit
ted per ton per day cm go lord prod This column adjust
the fleet size to achieve the 5x1110 loo pal 1 doh Tod
but does not adjust C02 emissions for the additional
Build RepairScrap omissions nor the C02 produced
U1 fly mg more crews mound extra ergo evaportn 1111
etc associated with slower speed and a tugger fleet

Comparing Tables 6 and 7 below WS80 both
ships are going the same speed so there is no
difference This 18 111010 the uuakot prods must of
its limp Between V5110 and WSJ 10 thy mote fuel ef

ficient al these speeds 17 y Mater ship speeds up 11 bn
faster and the i cylinder ship in oche es 1 to 3 less C0
per tort delivered per period I30t1900u WS 10 and Pin
the lowered powered ship is going just about as fast it
can and the difference is about l 1 he higher powered
ship still has one guar left which it uses at 8200 t
V5200 and aboe the difference is al am

Table 8 Phase 1 Pei cent Reduction in 02

11151 vs i d 5li11e3 ship 131
S A1r1a1 4ooy1d 13i e

611 CO Ihlf

SU 11121 inS IIPmt

RI I7 071 111113 n u

53 1 119 119 10013 u u

E0 197 1 1 MOM 6 II

70 13 3 10 110

80 1121 01 099 I a

411 13 Oo 1 73 loos 11 1 5

1111 15 0 5 21 099 IS 0 5

11 1599 519 09742 27

211 1025 511 119004 1 0

3n 1619 511 01717 25

10 16 617 09762

50 163 617 0 11132 3

bll 10 s3 6 17 0 4 7

TU 1183 617 119632 t7

90 111 S3 6 091112 37

90 16s t 617 n 1032 17

200 Ili 97 617 119127

Averago 1 238 226 10

7

Table 8 summarizes this comparison The fourth col
umn in Table 8 is just the ratio of the rigItmost columns
in Tablets 6 and 7 The last column is this ratio converted

to a percent 110 bottom line shows the CO2 TPD do
liVmod for each of the two ships averaged over the market
cycle and the tesllltilg aver ago percentage reduction as
sociated with the ship 011 the right

Under our Standard spot rate profile over a market
cycle a fleet of the BASE ships would average 1238 tons
of CO2 per Lon per day delivered a fleet oI the 6 cylin
der ships would avetago 1226 tons of 002TP1 De
spite our rate profile being intentionally biased toward
the lowered powered ship we cud up with a 1 reduc
tion ill VLCC 0O2 emissions due to Phase 1 EEUI Due
to the tenuous connection between installed power 11134
power actually used a 10 reduction in EEDI results in
very lit Ile 1 eduction in open atioual 0O2 emissions over
a IlI1lket cycle

Then we throw in the seven cylinder ships superior
heavy weather p0lfunmance and he fact that in a booms
we would 11001 I EA more six cylinder ships to move the
51111ie dm0h11t o1 oil 11111 Thus 1174 ulorc 13 R S o111in
510m5 1 ho 1i10rel o nt O 2 011115510118 is 111 the noise It

is also oh ions trout these tables that over 0 market

cycle the srvru d limier engine is 011 aVe9 ago operating
at a consaletebls Tower percent of ICR which means 0
substantial decrease in stain 18010 failures

Slow steaming curves for 8620 BFO cost

If You 1peat those analyses for a 1380 cost of 620 per
tun y oill find t the difference in 02 011ns81011S

Roth the two ships 091 n market cycle is even smaller
than lot 5163 138 cost See pet Olney 121105 for the
details 1s tote umpr e both ships speed up more
lowly The 1119oted powered ship does not roach its
speed cunstl aim tint 11 S220 Below S I J0 thole is nil
difference in pie d w 0 cmlisious bovocll 8110
and S210 rho liffeleuce is a 32 and 11 is not

until con get lo V5270 that we see the bet 11 shipsat
halSpcodi1ibrutes e Lung our St Inlaid Spot ride
profile I a 13151 ship ivu oges 1 167 tons of 00211
the h111I compliant slap 1 162 a 110C1 0 of 0514

The Impact of a 850 per ton CO2 Carbon Tax

1 fin more innmstutg cl nlpi is to match the low
steaming nuTe For the 1315E slip at 7165 bunko
with the s1 At steaming curve t the 801110 ship at 8620
bunkers as l able 0 lo0S II the 150 difference 111

01111e1 f1101 cost is caused by 0 50 101 tom carbon tax
01 e011valcnt capandtrade permit price 150 are look
ing at how a owner would react to 0 50 per tom
02 carbon emissions plhat assuming no 11D1

7 The RFR and the lung 1111 Overage of the spot rates wi11 be about 5 Nbrldscalc points higher assuming the same flat rate as we have
tor 6620 bunker cost than for 465 buokei cost This 18 ono of the reasons we biased our Standard profile toward the high end



Table 9 Percent Reduction 002 50ton 002 tax
BASF ship at 5405 versus 5620 13F0 cost

WS Avespd Avespd natio

465 620 CO2 Dil1

30 1000 948 09656 31

01 1017 975 09162

50 1090 0 24 09331 67

60 1221 0 69 09336 66

70 1348 117 08902 110

Flt 142 221 08897 110

90 1500 321 09191 11

100 1549 100 09216 78

110 1599 4 50 09141 86

120 16 25 5 25 0 9296 7 0

130 1619 549 09262

140 1681 575 119173 83

150 16 84 5 99 11 9301 7 0

160 1712 149 09520

170 1702 649 0 9520
180 17 02 6 72 09710

190 1702 684 1 9830
200 1702 0 81 0 9830

210 1702 7 02 10001

300 17 02 702 1 0000 110

1213

4 829
1 7

1 7

110

107 0

At 1530 an owner facing the 50211 13F0 c ea 33 ill
steam about 0 knot slower than he would at 5163

bunkers resulting in a 32 eduction in 02 pet 1 II
delivered As tales impove an On net facing the higher
1340 cost will speed up mote don Iv and at S70 10

KS41 the spree difference is about 2 Mints and 1110 re
duction in 02TP1 1I n rates 11her 11r
the speed 1111701110 begins 1 dl op uirlll at W820 ova
owner will steam as fast as he can oven at 86 20 1340 and

there is no difference in 02 III0er the market c 9

cle the higher fuel cost 33 111 produce i less 02 pest
TP1 delivered

It is extremely important to focus on liou this bmikei
tax aeloeves this educti Below about S1511 in

thee words almost all the time the nunEEDI c

pliant ship with the tax Table 9 column 31 is steaming
snore slowly than the 1111190 1 FFDI compliant ship
without the tax Table 8 column 3 It is only in an
allout fill booth that the nonEEDI ship with
tax steams faster than the Phase I EEDI compli
ant ship without the tax But this is exactly what
33c wait fir it avoids waste 1111v expending 1041111c0 on
aclditiuu11l hips lust to 11a11d1e a 6110111

Phase 1 Sutntnary

Speed reduction is not a measure as most s1
002 eniss1ous studios would 11a1e n believe It is a

reaction It is the 011110 101 111 11111001 reaction to

1 tam 0ut spot late his 1 0111ker cost and his specd
fne1 come 1t cu rent and lilrl bmnkel price a 33e11
deigned ICC will 110 01 1112 at maximum speed
only in a 11111 stale boom loss that 10 of the slip

n The longrem average Worldscale rate will he about 5 AS Poiuls higher in a 1121 1310 cosi world than a 165 340 cost world To
he totally correct we should rougraue say W850 and 165 1310 with WS55 and 620 IIFO bit as Table 9 shows it wouldnt make that
much difference

In economic argon the insignia soriet41 value of LCS capacity is at least 10 times higher in a boom than a slump A Lax adjusts
efficiently to this changing valuation EEI1 does not For a more complete discussion of this issue see Devaruwv 2010a
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life lost of the title the ship will be operating at a
percentage of fill power often 1uud 1 Tess than full power

EED1 affects this reaction indirectly by reducing the
ownersmax speed The net effect over a market cycle is
11181 rho P11aso 1 EEDI requirement will reduce VL00
operational 002 omissions by I or Tess for the ships
that are actually allecled by 11118 regulation while at the
same time increasing the iI110 of reSource5 society
must devote to the VL sector and reducing safety

An increase in hunker cost affects the owners reac

tion directly This could be accomplished most simply
and most efficiently by a carbon based bunkers tax Over

a market cycle a 550 per ton 002 13F tax would reduce
VL00 002 emissions by 111o1e than 3 and it would ap
ply to the entire fleet and it would do so without4EDIs
expensive and pernicious side effects

So far we have been acting as if societys goal were
to tuiuiniio 02 emissions lm fact the goal is o1 at
least should be minimizing the sum of the societal cost
of 02 plus 0 the other costs associated with Moving
the oil The six cylinder ship will Have a market cost
1111111011 18 110111 12 million dollars less than the 7 cylin
der a 111 mg 0f about 1 31 m initial cost But as MT
111170 80011 vc will 111331 about I more Of them so the 7

cylinder hip 11ns 8 clear superiority here This of course
is 33119 alnast all existing Leos have the power they
do 1311 tracing 01111018 to bun lass power than 1 hey would
1111 we ale fin mug the 901 111 111 1109 010 111011 seal cc te
sonrr0 to boildiir IC 1uv intelligent tegnlatory
puhr9 9r11111 take III ion acconut

Phase 2 EEDI

Slow steaming curves for 8465 BFO cost

ThepiposedI baseline EEDI is 232 and the pro
posed Phase 2 reduction is 25 0vtlting in a l e tired
EEDI of 17 11 glance at Table 5 owed that 0111 imag
inary 5 cylmdl slip is illegal but the 4 cylinder would
asi11 moot the 1ID1 requirement l infortunately nei
ther of those engines have acceptable rhauac

10rvtics To meet the EEDI lrqui0Io11t W11 11 0 3 cyliu
de1 engine the 1111 1101 119 i11 have to go down to 0 650

11111 bore cylinder the engine we will use for 111850
2 is a MAN 6565 IF with an IC13 of 172211 liV at

95 13 P11 Cho Lost piopolIIOp could come up
1111 ill lin ihi engine ha a diameter of 85 of umdting
hi a propulsive elictr11c of 0017 about a 7 loss in
propulsive LIioleli y retain 0 to the o1111 ship Om
top of this the smaller bore engine has d 3 gillChr
2i l disadvantage

Table 10 show the fuel consumption em nos Lod this
engine for 0 tIuong11 3 11Ide1s s usnnl 330 023111

3110 vibratiOnlll infeasible engine to studs the i1119101
of c dun cutout This engine still does not ratite meet
the Phase 2 FFII 1 eglllenent Therefore the owner will



have to Berate the engine slightly to an MCR of 10800
resulting ill the fuel consumption curve at the far right
This ship will have a loaded trial speed of about 136
knots

Iondol 6s650e 5 ryl 1 oyl 3 ova 105na

E EII 1 78 157 136 112 w mans

Kt kW S4 1 SI rpd 8a T1nI 80 pd 85 Iid
85 10311 1679159 679 159

931 51 11 140 1 18 7 061 187

95 41116 1675 222 651529 65 2119

00 7052 1083 2611 1659 256 1606 257 659 25 4

35 8102 168 8 302 166 0 29 8 1650 296 1095 303 050 2900
1 I 9386 1671 343 105 7 31 0 1040 342 65 7 11 0

1 5 11724 1659 389 165 8 38 9 1692 397 05 8 389

2 0 12185 105 5142 1672 116 455 112

25 13772 100 3 50 1 1699 51 2 66 3 501

a II 15552 168 1 557 t 68 1 57 t

Itallan 6s65Ine 5 rrl 1 ova 3 rya 6631u

I00 kW 811 S0 11 SI 1111 85 rpl 81 181
95 1 155 107 7 16 3 107 7 11 t

II 0 5194 1691 193 16011 189 140 18

I1 5 6014 107 6 231 165 5 21 8 1655 21 8

1 0 6916 1685 255 166 0 25 1 1651 252 1661 25 1
15 7902 1692 293 16711 289 105 0 28 i 168 8 29 2 1050 28 p

2 0 8978 1075329 1659 326 1661 32 6 1659 32 6

25 10148 104230 9 1055 168 167 9 17 3 1055 00 8

30 11159 155741 0 153 3 417 1719 129 1057 11

35 12775 1458 46 3 168 1 47 1 1658 143

10 1 1185 1667 51 8 1711 7 5 3 1 1667 51

1 5 15724 1086 58 11 148 6 58

Table 10 SpeedFuel Cul ves fin 651ini Bore Slip

Table 11 shows the slumStvuifng table fun this slip
fora bunker cost of b 165 per ton At S111 and thy
bunker cost the Phase 2 Is going as fast it caul

Table 11

Slimsly naming Cm 13 for P102t 2 mupllIil
S AVE 13F0 U 1i 131I 112

SPI IIT Ill Ism 1 11

30 950 1 5 0212 277110 1 1910 0700

10 997 1531 50 06 2771111 1115 1212

50 1039 1795 57 39 2771101 1739 1910

60 1147 2019 3237 276 8017 2107

79 12 21 2270 9 33 276731 0373 251

NI 13 25 2599 5 89 276535 331 307

9 13 71 2775 1 1 276161 172 129s

100 1 33 1 1 2861 3 0 276 380 5 1 1 6 15 1 2

110 1 1 13 2916 1 2 276105 9 0 1 1775

500 I 1 13 2916 3 2s 270105 1918 1 1775

If we compare this ship with the uuuIEI1 8151
ship from Table 0 we obtain fable 12

These numbers ale biased it fawn of the lumen ism
ered hip They are calm water numbers plus a 105 sea

margin for both ship In reality in heavy 5510101 the
low powered ships perfo1imice will deteriorate 111011
rapidly than the higher puweod sbip The lvv pow
ered ship will suffer a larger speed reduction hie to prop
cavitation and limited torque but also that lot go lc
duet ion will be from a simnel base 1 2 knot Iedit uuu

from 13 knots will iiclease voyage 1111 Iy I5 1 2

knot le nom 15 kn will iiclease voyage time
by 15

But assailing calm water below VSI00 Ito 1313E
ship puts out less 02 thanks to its more efficient pro
pellet and engine At 116111 and above the i3SF ship
is steaming faster than tine Phase 2 strip and the CO2
balance shifts in favor of the speed limited lower pow
ered ship At WS200 an allout boom a fleet of Phase 2
EEDI compliant VLCCsproduces 10 less operational

9

002 than a fleet of F3ASE ships 01 this situation we
need about 18 more EE1Icompliant ships to 11oV0 the
same amount of oil

Table 12 Phase 2 Percent CO2 Reductit u

BASE ship vs 6S65ME at 165 13F0 cost
VS Ayflat 4 vespd Ratio

002 lli1C

30 1100 9 50 1 0101 10

41 047 997 10218 22

50 090 039 10311 3 1

60 2 21 147 10291 2 3

711 318 224 09911 0

80 1 24 325 10189 19

911 500 371 10111 311

00 519 494 10073 07

10 5 99 113 09873 1 3

20 625 1 Ii 09036 36

39 019 115 09481 b2

IU 5 81 113 09185 81

51 t 8l 1 15 09185 81
60 712 113 09029 97

702 1 I3 19129 97

Ave ear 213 219 0 5

If vve apph our Standar1 spot rate profile to this
compaltsnu ve find th a IIee1 of tine 11011EF11 ships
ayelag51213 tons 02101 tun per day dcliveled the
I111 compliant ships average 1219 1 he overall effect
of I lti1 Phase 2 at tins Lniker price is to increase

C02 mIinun in Lout 115

Crams of al 1211 argue that at least 215 tons of
02 are pt minced p ton of ship steel in the building
andcupI ryes 5 3 assure a L lightweight
of 13000 tons and a 25 year ship life then build
ingscrapping omissions ale about 31 of operational
1uslons 113 11 those lumbers an 18c larger fleet Is
opliyaout to a 06 increase in operational emissions

Slowsteaming curves for 620 BFO cost

b repeated those anal y ss Ir 021 bnukorslDovaiuev
21111161 nguu the hlghol hunker price shitted the

inu16eis in fawn of I ha 131SE ship 13nt11 ship speed up
n slnsIv at hlghen UFO cost extending the orld

scaie range over which Ihr wore fuel efficient higher
pmcolyd ship produces loss 02 In an Market crept
a6 allout boom Ihr nonEIf11 Bert emits loss 02 than

the Phase 2 fleet lssttuiug the Standard spot rate
profile Elie non 1111 131SE fleet averages 1107 bus
002111the 1FDI fleet 1161 a virtual

tie

Phase 2 Summary

The Plla5 2 FED emulations will not result in
11 uoticeabh decrease in operational LCC C02
01111ssi015 15 a market cy le The fuel savings
due to flaring the owuel u go slower 01 booms

are bale111el by the inefficiencies associated with
a 1111 smaller than optimal power plant for this
sized ship These ate calm water numbers in
heavy weather the balance shifts further in favor
of the souEEDI slip



The Phase 2 regulations will eventually result in
a 18 larger fleet The resulting increase in
Lnild1ngserai iig omissions will he equivalent to
about auothet 09 increase in operational emis
sions

The Phase 2 regulations will require that just
about 18 more of the worlds resources be de

voted to VLCC transportation great news if you
are a shipyard
The Phase 2 regulations will 1110rovse our exposure
to VLCC casualties by 18 even tx fore we ac1o11ut

for the fact that the EEDI compliant ship will Lc
loss maneuverable less able to got out of ttonble

than the nonEEDI ship

Phase 3 EEDI

Slowsteaming curves for 465 BFO cost

The proposed VLCC baseline EEDI is 232 and the pio
posed Phase 3 reduction is 35V resulting in a required
EEI1 of 151 To meet the FFDI requitement with a 6
cylinder engine without throw mg away a lot of power
the owner will have to go Iowa to a 1011 111111 hole cylin
der The engine we used for Phase 3 is a 1 IE

with an IC13 of 11280 Ii V in 05 1311 oiling to

lS this engine has the same SEC cane an till 651 win
bore engine but the increase in RPM reduces the opti
mal propellor diameter to about III 8111Co
stmallor propellor Will usult 111 1 3 Ions 111 18018161W
efficiency relative to the 150 111111 born machine

Ece11 with r twin 1011 ill Lure this engine nor
mally rated duos not meet the required EEDI of 1 5 I
The owner will have to deem the engine to 811
of about 132111 IV Phase 3 will require VLCC

owners to cut installed power in half This ship
will have at loaded calm w trial speed of about 12 1
knots

Table 13 IetCent CO2 Reduction

13SE ship Vs 61160tE at 7115 13F Cost
Avepd Acrpd 111

31111 17112

Ater age 1 2 13

121

18s

1 00

li

1 7 1

231

2

2

257 I1

The details of these Phase 3 calculations can be found

in the CTX reportDeva ey 2010h Table 13 sum
marizes the 465 13F0 results This ship is so mulct
powered that at WS 100 she is already going as fast its

10

she can This ships engine will be pushed hard fhc
Place 3 VLCC fleet will need to be 33 larger than
the 13ASE fleet to stove the sane amount of oil in a

boom And thats in calm water This ship will have
lousy heavy weather perfon manco If we apply our Stan
dard spot rate profile to these numbers the nonEEDI
BASK fleet averages 1293 tour of CO2 per ton per day
delivered the EEDIcompliant fleet averages 1257

Slowsteaming curves for 620 BFO cost

We reimaee1 the Phase 3 analysis for 620
13FODevauiov 20101 When you apply our Standatd
spot rate profile to the resulting mothers the nonEEDI
BASE ship aver ages 1167 tons of CO2 pet ton per day
delivered the EED1cuu vessel averages 1183 fm
an rivet age inn ease of 14

Phase 3 Summary

Pile ll 3 results followed a 108V 1 pattern
Even assuming calm water a Phase 3 EEDI com
pliant VI fleet kill not produce less 02 otitis
situ than an non11II hurl despite the drastic
Halmthat ire ulst ailed power to fact rho mmnlbets
111 11111 n el a market cycle the net effect

of Phase 3 1111 will be to iurease e111111 caret

1 02 emission In a little more than IV

rcpt heirs wl adjust for the differences in heavy
coat lei perfI111111 I
The P 1 egnlal man will eventnalh result ill a

33 larger fleet l sing the Gralsos nunthers the
resulting increase 31 building snapping emissions
is equivalent to about another ITV int tease in op
e11111onal emissions

The Il i regulations will require that ritottt
334 more of Iho vurIrls resources be devoted to

LC tralspol tat i

The Phase 3 regulations will increase our exposme
toL 1nualt 1e b 33Y even byline we account

tin the fm 1 that the dangerously under powered
1111 compliant l twill be less reliable and
less manemveable than the notEEDI ship
Finally mcr the min ket cycle the engines of the
EEDI compliant hips will be pushed much larder
than those of the uo1111 ships w will genet

ate 1 big jump in unanhinert Mime rnilx

Conclusion

Table I 1 mmiuices ore 1enits

TLI 1 I Utlt33 Saauunli of lionll

Ill nvlm t1 11111 2 HiiIIe nvclaged otci iitike1t1
Negative intp1tr 1411 compliant fleet 1el l er

1310 1 1 Fusee 2 Pilaw 3

OT

5161 111 15 1

021 05 027 1T

The Phase 2 and Phase 3 EEDI fleet produce more
02 than the nonregulated fleet How can this be The
answer is two fold



L FFDI effectively limits installed power I3ut at cur
rent and expected BFO prices as nonEEDI VLCC
owoew uses all his installed power only in a full
boom So for the great bulk of her life a nou
FFDI ship uses little or no more power than an
FFDI compliant ship

2 111 limiting installed power EFDI induces owners
to use smaller bole higher RPM engines Ta
ble 15 snu1111arizsCTXs estimate of how VLCC

owners will respond to FFDI These engines have
higher Specific Fuel Consumption and utore im
portantly require a smaller less efficient propeller
This moans the FEDIcompliant VLCC consumes
more fuel when the market is not in boom which

is 90 of the time

Table 15

FFDI

ICRkV
Cylinders
13011Eunit
13PNI11G B
1613 SFCbook
Prop1ialt11
Propulsive Eft
Exp Area Ratio
Loaded Trial Spd

Main Propulsion Pnrametets of FFDI
Compliant VLCCs
No FFDI Phase 1 Phase 2 Phase 3

251 2119 171 151

27300 23600 I600 13200

7 i 6

81 810 66 our

76 76 93 I 0

168 168 171 171

99 99 s3 s1

0730 0731 0 682 0117

0187 11112 II 117 11131

165 155 137 I2 1

1erated from 17200 I Ierated from

11100 kl

Iisallowed less than 1 cylinders nu vitamin
gt muds 110111cl gear not onside ed
Lower pov010Iships speml11un1u11o10 el ihem0
Iot cycle at or close to ICI

and above the min Sit point
Ileay woathcr maamming chmncreri
hips on right need to be calhill s1 itc

Strength cavitation hems tonhor pet ronman
of nmproc 113111 u 1 pr Welke blad
needs careful studs

And this is only at sea emissions Table 16 hews the

Lfleet size requirements 01 1111

Tait 16 In ease in Elect 81 ha same nmspnt
Phase 1 Ihne 2 Ihv

a

Fleet 9v

13 iS 02 11 nt I

The increase in 1311111Repair Scrap emissions is based
on Grntsos et al 211111 tom ol red to equivalent at son
nisinnn Tows anthers considered only emissions at

building repair and breaking yards Mining flying
clews around additional cargo less due to tank breath
ing etc were not included

Finally these ate all calm water numbers The low

pow 0rd FFD1 compliant ship will have clnsiIltmbh
poorer performance in heavy weather than the u
BF11 ship As Table 15 shows in order to meet Phase 3
FEUI VLCCswill have to go down to about 13000 KW

11

MCR This is less than half present practice This
ship will not only have great difficulty maintaining any
speed in bad woathcr lent ale her engine will be pushed
much harder over the market cycle than the uouEEDI
ships And that 11100118 a big jump in machinery failures

As far a 1 know Mullin studies have not been done

for smaller tankers bniket s 01 big coutahtersltips but
there is every reason to believe that such studios would
generate very similar results

FFDI is a loser So what should we do Tito an

swer will be obi boos to any first year economics student
charge the polluter for his pollution Table 9 shows that
a 511 per ton CO2 du foe would generate a 31
reduction in C02 far more than any level of FFDI And
it will do it without wasting 608 nrcs on unnecessary
ships And it will do it without forcing owners to build
dangerously under powered ships

A Arbon dr fee is effective efficient and safe
EEDI is none of the above

A VLCC Required Freight Rate

the tight uav in compute Required Freight Rate is to
combine the investment pal amoters with a market rate
profile alloting 1710 ship to use the optimal speed for
whatever market it i cut cut lv in Then adjust the

profile so the investment just breaks even and find the
average oI that break et em profile the standard and
incorrect way to compute HER is to assume a constant
market rate throughout the ships life and find that rate
for which the investment just breakseven e will use

this se 111in re 1 approach both because it is the
stand definition of 11111 and it is close enough for
Ineent pmw

IF1X has the capability If computing standard
ItFli so we can Ire the anle rune Ott t WC 11801

ill the sew toa11li11g1111110411h The ship wo used was
om itemEEDI 13 SEV For rcpresutat liunt

1111 pnratmetrr v0 hOlt the Inlh t mg

vend Tenn

Loath Torus

PEN

Drvdocking
Inflation

lap widlt

111 111 101170
60 million at 770 7 year let of

X911111 per day
Et 1 ears 15 d53111100011

3 per year
1110 per II ton 13000 ton Itzwt

We vat hid ship price i1 100 120 million dollars
slop lie 1211 251 seats discount rate 111Yf 1 and

fuel pace 1 16331 pot ton Table 17 summarizes the
results hi von can 111011 these mumbeis around
IN tan mfg the pm ors but a reasonable ball park
figure nor clin t is ugh Ses low lees

Sine Rbrldscale is tied to blilIkIt ptics with a lag
the 1201 1310 rmlbet ate not tenth applicable If
13F cost did move to 5720 for el year or so then the

Vorldscale flat rate would be adjusted upward pushing
the RFft numbers hack down to those we See for current
builIcer cost

In The EEII compliant 511118 will have a higher RFIt iopi rsrul tug Ile longt kill market nnl to a ietn of the t ngulalioa
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